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1
SPINAL FIXATION SYSTEM

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application 1s a continuation of U.S. patent
application Ser. No. 16/512,698, filed Jul. 16, 2019; which
1s a continuation of U.S. patent application Ser. No. 15/829,
055, filed Dec. 3, 2017, now U.S. Pat. No. 10,398,481,
issued Sep. 3, 2019; which claims the benefit of priority
from U.S. Provisional Patent Application Ser. No. 62/403,
501, filed on Oct. 3, 2016, the entire contents of which are
cach hereby expressly incorporated by reference into this
disclosure as 11 set forth 1n 1ts entirety herein.

FIELD

This application describes surgical instruments for reduc-
ing a rod during construction of a minimally invasive
fixation construct across one or more segments of the spinal
column.

BACKGROUND

Spinal fixation constructs are utilized to provide stability
to the spine. Most often the fixation construct 1s used as an
adjunct to fusion surgery during which adjacent vertebrae
are prepared to facilitate bone growth between them, thereby
climinating motion between the vertebrae. Because motion
between the vertebrae tends to inhibit bone growth, the
fixation constructs are employed to prevent motion so that
bone can grow and achieve a solid fusion. When the position
ol one or more vertebrae must be adjusted to restore a more
natural alignment of the spinal column, the fixation con-
struct also serves to maintain the new alignment until fusion
1s achieved. Fixation constructs of various forms are well
known 1n the art. Most commonly, the fixation construct 1s
a plate anchored to the anterior column with multiple bone
anchors or a posterior fixation construct including multiple
anchors and a connecting rod anchored to the posterior
clements of the spine. For a posterior fixation construct the
anchors (typically pedicle screws) are anchored into the
pedicles of each vertebra of the target motion segment. The
anchors are then connected by a fixation rod that 1s locked
to each anchor, thus eliminating motion between the adja-
cent vertebrae of the motion segment. The posterior fixation
construct may be applied unilaterally or bilaterally. Addi-
tionally the posterior fixation construct may be applied
across multiple levels or motion segments.

The fixation anchors utilized 1n posterior fixation con-
structs generally include an anchor portion and a rod hous-
ing. The rod housing includes a pair of upstanding arms
separated by a rod channel 1in which the fixation rod 1s
captured and locked. When constructing the posterior fixa-
tion construct the surgeon must align and seat the rod in the
rod channel. This can be a challenge, particularly when one
or more of the vertebrae to be connected 1s out of alignment
leaving the associated anchor oflset vertically and/or hori-
zontally from the remaiming anchor(s) of the construct.
Constructing the posterior fixation construct under mini-
mally invasive access conditions (¢ g minimizing overall
incision length and muscle stripping as compared to tradi-
tional open procedures) also increases the dithculty of
aligning the rod with the rod channel of the anchor.

Rod reducers are often used to facilitate alignment and
seating of the rod in the anchor housing. Rod reducers often
work by engaging the anchor housing with a first portion and
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2

then driving the rod towards the housing and/or pulling the
housing towards the rod with a second portion that moves
relative to the first portion. With minimally invasive systems
the reducer may attach to a guide assembly which 1s itself
attached to the anchor. Generally, reducers employed with
minimally invasive systems must have a portion that passes
over and translates along the outside of the guide to engage
the rod, or, pass directly through the center of the guide.
While both of these configurations may be eflective, there
are disadvantages. For example, passing a reducer over the
outside of the guide requires increasing the incision size 1n
order to fit the reducer. On the other hand, passing the
reducer through the center of the gmide provides for one
point of contact on the rod, in the middle of the anchor
housing, which leaves a potential for the rod not to align
fully with the housing. The instruments, tools, and tech-
niques described herein are directed towards reducing these
challenges and others associated with posterior spinal fixa-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

Many advantages of the present invention will be appar-
ent to those skilled 1n the art with a reading of this speci-
fication 1n conjunction with the attached drawings:

FIG. 1 1s a perspective view of a lumbar spine 1llustrating,
the minimally invasive implantation of a spinal fixation
construct, according to one example embodiment;

FIG. 2 1s a perspective view of an example guide assem-
bly used during the mimimally 1nvasive implantation of a
bone anchor and fixation rod of the fixation construct shown
in FIG. 1;

FIG. 3 1s a perspective view ol an example embodiment
of a rod reduction mstrument with reduction legs deployed
to facilitate rod reduction during implantation of the spinal
fixation construct of FIG. 1;

FIG. 4 1s a perspective view of the embodiment of the
reduction mstrument shown in FIG. 3 with the reduction legs
contracted;

FIG. 5 1s a front view of the reduction instrument shown
in FIG. 3;

FIG. 6 15 a side view of the reduction instrument shown
in FIG. 3;

FIG. 7 1s another perspective view of the reduction
instrument shown 1n FIG. 3;

FIG. 8 1s a cross section of the reduction instrument

shown 1n FIG. 7;

FIG. 9 1s another cross section of the reduction mstrument
shown 1n FIG. 7;

FIG. 10 1s another perspective view of the reduction
instrument shown 1n FIG. 4;

FIG. 11 1s a cross section of the reduction instrument
shown 1n FIG. 10;

FIG. 12 1s another cross section of the reduction 1nstru-
ment shown 1n FIG. 10;

FIG. 13 1s a close-up of the distal end of the reduction
instrument of FIG. 3, illustrating the central shaft, extension
legs, and lower shaft when the reduction legs are in the
contracted position;

FIG. 14 15 a close-up of the distal end of the reduction
istrument of FIG. 3, i1llustrating the central shait, extension
legs, and lower shaft when the reduction legs are in the
deployed position;

FIG. 15 1s a perspective view of an exterior side of one of
the reduction legs of the reduction mstrument of FIG. 3 n
1solation;
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FIG. 16 1s a perspective view ol an interior side of the
reduction leg of FIG. 15;

FI1G. 17 1s a side view of the pair of reduction legs of the
reduction instrument of FIG. 3 1n 1solation;

FIG. 18 1s a distal (bottom) view of the pair of reduction
legs of FIG. 17;

FIG. 19 15 a side view of a central shait of the reduction
instrument of FIG. 3 1n 1solation;

FIG. 20 1s a close up side view of the distal end of the
central shaft of FIG. 19;

FIG. 21 1s a close up side view of the distal end of the
central shait and reduction legs 1n the contracted position;

FIG. 22 1s a close up side view of the distal end of the
central shaft and reduction legs in the deployed or extended
position;

FIG. 23 15 a side view of the lower shait of the reduction
instrument 1n FIG. 3;

FI1G. 24 1s a perspective view of the distal end of the lower
shaft of FIG. 23

FIG. 25 15 a perspective view of the reduction instrument
of FIG. 3 deployed through the guide assembly of FIG. 2;

FIG. 26 depicts the guide assembly and reduction instru-
ment of FIG. 25 with a cross section proximate the distal end
to reveal the positions of the central shait, reduction legs,
lower shaft, and guide assembly when the reduction legs are
in the expanded position;

FI1G. 27 15 a perspective view of the reduction instrument
of FIG. 3 deployed through the gmide assembly of FIG. 2 to
reduce a rod 1nto an anchor coupled to the guide assembly;

FIG. 28 1s a side view of the reduction instrument and
guide assembly of FIG. 27 prior to reduction of the rod;

FIG. 29 1s a side view of the reduction instrument and
guide assembly of FIG. 27 after reduction of the rod;

FIG. 30 depicts a pair of reduction instruments deployed
through a pair of guide assemblies, respectively, to reduce a
rod mto a pair of anchors coupled to the guide assemblies to
assemble the spinal fixation construct; and

FIG. 31 shows the spinal fixation construct of FIG. 30
being assembled 1n a pair of vertebrae of the lumbar spine.

DETAILED DESCRIPTION

The terms “about™ and “approximately” shall generally
mean an acceptable degree of error or variation for the
quantity measured given the nature or precision of the
measurements. Typical, exemplary degrees of error or varia-
tion are within 20 percent (%), preferably within 10%, and
more preferably within 5% of a given value or range of
values. Numerical quantities given herein are approximate
unless stated otherwise, meamng that the term “about” or
“approximately” can be inferred when not expressly stated.

The terms “first,” “second” and the like are used herein to
describe various features or elements, but these features or
clements should not be limited by these terms. These terms
are only used to distinguish one feature or element from
another feature or element. Thus, a first feature or element
discussed below could be termed a second feature or ele-
ment, and similarly, a second feature or element discussed
below could be termed a first feature or element without
departing from the teachings of the present disclosure.

The terms “proximal” and “distal” as used herein are
relative to a user of the disclosed systems and devices. More
specifically, when the spinal fixation system or components
thereol are 1in use on a patient, the proximal direction 1s the
direction toward the user (surgeon), and the distal direction
1s the direction toward the patient. In the context of the
disclosed devices, the proximal and distal directions are
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directions along the axis of the generally cylindrical guide
assemblies, pedicle screws, reduction instruments, etc. dis-
closed.

The term “axial” refers to the dimension of the generally
cylindrical guide assemblies, pedicle screws, reduction
instruments, etc. disclosed as defined by the axis of such a
cylinder. A structure that 1s axial extends i1n the distal and
proximal directions.

The term “radial” refers to the dimension of the generally
cylindrical guide assemblies, pedicle screws, reduction
istruments, etc. disclosed as defined by a radial vector of
such a cylinder. A structure that 1s radial extends toward and
away Ifrom the axis of such a structure.

The term “circumierential” refers to a dimension or
direction defined by the circumierence of any of generally
cylindrical guide assemblies, pedicle screws, reduction
instruments, etc. disclosed. A structure that 1s circumieren-
tial will thus be generally arcuate 1n shape.

[llustrative embodiments of the invention are described
below. In the interest of clarity, not all features of an actual
implementation are described 1n this specification. It will of
course be appreciated that 1in the development of any such
actual embodiment, numerous implementation-specific
decisions must be made to achieve the developers™ specific
goals, such as compliance with system-related and business-
related constraints, which will vary from one implementa-
tion to another. Moreover, 1t will be appreciated that such a
development effort might be complex and time-consuming,
but would nevertheless be a routine undertaking for those of
ordinary skill 1n the art having the benefit of this disclosure.
The spinal fixation system disclosed herein boasts a variety
of mventive features and components that warrant patent
protection, both individually and in combination.

FIG. 1 illustrates the mimimally mnvasive implantation of
a spinal fixation construct 10 across one or more levels of a
spine. The fixation construct 10 includes bone anchors 12
connected by a fixation rod 14. Guide assemblies (or
“ouides™) 16 are used to implant the fixation construct 10
under minimally invasive conditions. That 1s, the overall
length of skin incisions required to install the fixation
construct may be minimized compared to traditionally open
pedicle screw procedures. For example, the guides 16 extend
proximally out of the patient when the anchor 12 1s engaged
to the spine and a rod channel 18 through the guide 16 helps
direct the rod 14 1nto the proper position connecting the bone
anchors 12 without requiring the extended incisions needed
to fully expose the spinal segments to be fixated. A variety
of mstruments may be configured to work with the guides to
turther facilitate the installation and assembly of the spinal
fixation construct, including by way of example rod reduc-
tion 1nstruments, such as the reduction instrument shown in
FIGS. 3-28, as well as rod inserters, compression 1nstru-
ments, lock screw 1nserters, guide adjusters, tap guides, and
dilators. The construct shown being implanted 1n FIG. 1 1s
a single level, bi-lateral construct, but, the implants and tools
described herein may be used as part of unilateral constructs
and/or across multiple spinal levels.

FIG. 2 depicts one example embodiment of the guide 16
that facilitates implantation of the fixation construct mini-
mally imnvasively. The guide 16 and bone anchor 12 are of the
type shown and described in U.S. patent application Ser. No.
13/456,210, filed Apr. 25, 2012 (now U.S. Pat. No. 9,198,
698), and U.S. patent application Ser. No. 14/631,839, filed
Feb. 25, 2015, the entire contents of which are each
expressly incorporated by reference herein. The guide 16
includes a proximal end 20, a distal end 22, and a central
passage 24 extending from the proximal end 20 to the distal
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end 22. A pair of opposed rod slots 26 opening to the distal
end 22 and extending proximally for a length along the guide
16 and 1n communication with the central passage 24 to form
the rod channel 18 for guiding the rod 1into connection with
the bone anchor 12. The distal end 22 includes an engage-
ment feature(s) 28 that detachably couples the guide 16 and
anchor 12. When the guide and anchor are coupled the rod
channel 18 aligns and communicates with a rod channel 13
in the bone anchor 12 that seats the rod 14. The proximal end
includes an engagement feature(s) 30 that may detachably
couple the gmide 16 with one or more mstruments used 1n
cooperation with the guide to implant the construct. In the
illustrated embodiment the engagement feature includes a
keyed end 32 and an attachment groove 34.

FIGS. 3-28 illustrate an embodiment of a reduction 1nstru-
ment (or “reducer”) 40 that may be used during the implan-
tation of the spinal fixation construct 10 to draw the rod 14
and bone anchor together. That 1s, the reduction instrument
1s used (when necessary) to forcibly seat (“reduce”) the
spinal rod 14 into the bone anchor 12. The reducer 40 can
also deliver a lock screw (not shown) to the anchor to the
secure the rod and maintain the reduction. As 1llustrated 1n
FIGS. 3-4, the reducer 40 1s configured to transition between
a contracted or insertion arrangement (FIG. 4), in which
reduction legs 66 are 1n a contracted position and have an
cllective diameter that approximates the remainder of the
reduction shaft such that the reducer may be serted
through the central passage of the guide 16, and an expanded
or reduction arrangement (FIG. 3) in which the reduction
legs extend distally and expand outward to increase the
cllective diameter, providing two points of contact on the
rod (one at each end of the bone anchor rod channel 13).

With reference to FIGS. 3-12, the reduction instrument
includes a connector 42 that releasably couples the reduction
instrument 40 to the guide assembly 16 (via the engagement
teature 30). The connector 42 has a connector body 44
contaiming a guide cavity 46 into which the engagement
teature 30 of the guide assembly 16 1s received. The keyed
end 32 1s keyed to the guide cavity 46 so as to prevent
rotation of the guide assembly 16 relative to the connector
body 42. Spring locks 48 on the connector body 44 engage
the attachment groove 34 to prevent translation of the guide
assembly 16 relative to the connector body 44. Specifically,
the spring locks 48 include ridges 50 that extend through the
connector 1mnto the guide cavity 46 and engage the groove 34.
Tapered surfaces on the rnidges allow the prox1mal end 20 of
the guide assembly 16 to push past the spring locks 48 until
the ridges snap into place within the circumierential groove
34. To release the connection between the reducer 40 and the
guide assembly 16, the proximal ends of the spring locks 48
can be depressed causing the ridges to disengage from the
groove 34, thus allowing the removal of the connector 40
from the gmde 16. The proximal end of the connector 42
includes a reduction grip 54 that 1s freely rotatable but
translationally fixed to the connector body 44. Interior
threads 56 are situated around the interior surface of the
second grip 54.

In addition to the connector 42, the reducer 40 has a
reduction shaft 58 and a central shait 64. The reduction shaft
58 includes an upper shait 60 with exterior threading, a
lower shaft 62, and a pair of reduction legs 66. The exterior
threads on the upper shatt 60 mate with the interior threading,
56 of the reduction grip 54 such that rotation of the reduction
orip causes the upper shaft 60 to translate up or down
through the connector 42. The lower shait 62 1s coupled to
the upper shaft 60 and translates with 1t. Likewise, the
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reduction legs 66 are coupled to the lower shait 62 and also
translates with the upper shait 60.

As best viewed 1n FIGS. 8, 9, 11 and 12, the central shaft
64 extends axially through the entire length of upper and
lower shatfts 60, 62. The central shatt 64 has a first rotation
orip 68 fixed at a proximal end of the shaft. At the distal end
of the central shait 64 1s a lock screw 1nterface 70. The lock
screw 1nterface 1s configured to engage and hold a lock
screw at the distal end of the reducer while reduction 1s
applied, and thereafter engage the lock screw to the bone
anchor 12 before relieving the reduction force. Such engage-
ment may be facilitated by a lock screw engagement feature,
such as a hexalobe protrusion. The engagement feature may
be dimensioned for a friction fit with a complementary
engagement feature 1n the lock screw in order to maintain
the lock screw on the interface, or alternatively, other
holding features (e.g. spring rings, ball detents, etc.) may be
used to maintain the lock screw on the interface during use.
To deliver the lock screw, the grip 68 can be manipulated to
rotate the central shaft about 1ts axis and to translate the
central shaft in the proximal and distal directions through the
upper and lower shafts 60, 62.

The central shaft 64 further includes a functional distal
end 71, illustrated best 1n FIG. 19-20 (depicting the central
shaft alone), that interacts with the reduction legs 66 to
increase or decrease the eflective diameter of the reduction
legs. The functional distal end 71 has a lower portion 72 with
a diameter that generally matches the diameter of the
proximal end 76 of the center shait 54, and an upper portion
74. The upper portion 74 separates the lower portion 72 of
the distal end 70 from the proximal end 76 and has a smaller
diameter relative to the lower portion 72. The lower portion
72 includes a first flare or taper 78 facing proximally and
connecting the lower portion 72 to the upper portion 74. The
lower portion 72 includes a second flare 80 with a proxi-
mally facing taper that separates the lower portion from the
lock screw interface 70. A first shoulder 82 having a proxi-
mal tapered surface 84 and a straight distal surface 86 1s
situated near the middle of the upper portion 74 and a second
shoulder 88 having a tapered distal surface 90 separates the
upper portion from the proximal end 76.

With reference to FIGS. 23-24, the lower shaft 62 of the
reduction shaft 54 1s described in further detail. The lower
shaft 62 1s coupled to the upper shait 60 at i1ts proximal end
and two translate together as the reduction grip 54 rotates
around the threading of the upper shait. The lower shait 62
comprises a pair of axial cutout portions 92, through which
the reduction legs 66 extend radially when 1n the expanded
position. In the exemplary embodiment shown, each axial
cutout portion has an axial length that exceeds 1ts circum-
terential width. Each cutout has two parallel axial sides 94
that are generally parallel to the axis of the lower shaft and
which terminate at a circumierential side 96 on their proxi-
mal ends. According to the example shown, the axial sides
94 meet the circumierential side 96 at rounded corners.
Opposite the circumierential side, the axial sides open
through the end of the shaft and have partially convergmg
ends 98. A side recess 100 extends between the converging
ends 98 on each side of the axial cutout 92.

The reduction legs 66 are shown 1n detail in FIGS. 15-18.
In the example embodiment illustrated, the reduction leg 66
has a distal portion 102, a proximal portion 104, and an
intermediate portion 106. The distal portion 102 has an
concave mnner surface 113 and a length that 1s approximately
the same as the length of the lower portion 72 of the central
shaft 64 such that a first tapered surface 108 at the distal end
of the mntermediate portion 106 and a second tapered surface
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110 at the distal end of the distal portion 102 align with the
first and second flares 78, 80 of the central shalt 64 when the
reduction legs 66 are 1n the contracted starting position. In
the expanded or extended position, the distal portion 102
extends past the central shaft lock screw tertace 70 to
engage the fixation rod 14 with rod contact surfaces 112. The
proximal portion 104 has a proximal body 114 that 1s
dimensioned to fit within the axial cutout 92. A portion of the
body 114 adjacent the proximal end has a tapered outer
surface 115. A proximal wing extends from each side of the
body 114 and forms a concave proximal inner surface 120
opposite the proximal body 114. A trough 118 dimensioned
to receive the first shoulder 82 and having a tapered upper
surface 119 interrupts the proximal wing, forming an upper
proximal wing 116 and a lower proximal wing 117. The
lower proximal wing 117 and proximal body taper inward to
a narrow junction with the intermediate portion 106, form-
ing notches 122 that complement and receive the converging
ends 98 of the lower shaft 62 to help maintain a translational
link between the reduction legs 66 and the lower shait 62.
The intermediate potion 106 has an intermediate body 124
with a width that 1s too great to fit within the axial cutout 92.
An imtermediate wing 126 extends from each side of the
body 124 and forms a concave itermediate mner surface
128. A projection 130 extends proximally from the end of
the intermediate wing 126 on each side. Each projection 130
sits within one of the side recesses 100 of the lower shait 62
along with one of the projections from the opposing reduc-
tion leg.

The reducer 40 1s illustrated in the collapsed arrangement
in FIGS. 10-13. FIG. 21 also depicts the collapsed configu-
ration with the lower shait 6 removed for illustrative pur-
poses. The reduction legs 66 are coupled to the lower shaft
62 with the proximal body 114 situated in the axial cutout
92. Converging ends 98 of the lower shait 62 are situated 1n
the notches 122 of the reduction legs 66 and the projections
130 of the reduction legs are situated in the side recesses 100
to translationally link the reduction legs to the lower shatt.
The upper and lower proximal wings 116, 117 are retained
within the lower shaft 62 adjacent the axial cutouts 92 for
additional stability. The central shaft 64 1s fully extended
proximally relative to the reduction shaft 58. In this position
the distal portion 102 of the reduction leg 66 1s aligned with
the lower portion 72 of the central shaft distal end 71 such
that the distal inner surface 113 1s generally flush against
lower portion. The intermediate portion 104 and proximal
portion 106 are aligned with the narrower upper portion 74
of the central shaft distal end such that the proximal 1nner
surface 120 and intermediate inner surface 128 are generally
flush against the upper portion 74. The first tapered surface
108 and second tapered surface 110 match up with the first
and second flares 78, 80, respectively, and the first shoulder
82 1s situated within the troughs 118 between the upper and
lower proximal wings 116, 117. With the reduction legs 66
tucked 1n 1n this arrangement, the distance between the
outside surfaces of the opposing reduction legs 66 (1.e. the
ellective diameter of the reduction legs) 1s approximately the
same as the diameter of the reduction shaft 58.

With reterence now to FIGS. 7-9, 14, and 22 the reducer
40 1s 1illustrated in the expanded arrangement. Once the
reduction shaft has been advanced through the guide 16 and
locked 1n place with the connector 42, the rod slots 26 along
the guide provide freedom for the reduction legs 66 (which
are aligned with the rod slots when the reducer 1s properly
connected) to expand (see FIGS. 25-27). Expansion of the
reduction legs 66 1s accomplished by translating the central
shaft 64 proximally relative to the reduction shait 58. Thuis
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can be done simply by pulling the rotation grip 68 upwards.
Alternatively, one will appreciate that rotating the reduction
orip 68 to translate the reduction shaft 58 distally while the
central shaft 1s engaged against the rod 14 (e.g. by way of the
attached set screw) will also 1n effect translate the central
shaft proximally relative to the reduction shait. When the
central shaft 64 moves proximally, the first flare 78, second
flare 80, and first shoulder tapered surface 84 act against the
first taper 108, second taper 110, and trough upper surface
taper 119, respectively, to force the reduction legs 66 out-
ward away from a longitudinal axis of the central shait 64.
Projections 130 situated in the side recesses 100 of the
reductions shaft act as a stop to prevent over expansion of
the legs and to provide stability. The distal portion 112
extends past the central shaft distal end. The intermediate
portion 106 aligns with the lower portion 72 of the central
shaft distal end 71 such that the intermediate portion 1nner
surface 128 1s generally flush against lower portion, and the
first shoulder 82 1s generally flush against the proximal
portion mner surface 120, to maintain the reduction legs in
the expanded arrangement. In this arrangement the effective
diameter of the reduction legs 1s greater than the diameter of
the reduction shait and provides for contact on the rod 14 at
both ends of the bone anchor rod channel 13, reducing the
possibility that the rod 14 will not fully seat ﬂush in the rod
channel.

Retferring to FIGS. 28-31, use of the reducer 40 to
facilitate minimally 1nvasive construction of a fixation con-
struct 10 using minimally invasive guide assemblies 16 1s
described, according to one example. The bone anchors 12
(e.g. pedicle screws) are implanted 1nto the targeted verte-
brae with the gmide assemblies 16 attached and the fixation
rod 14 1s itroduced through the guide channel 18. A lock
screw 1s attached to the lock screw interface 70 of each
reducer 40 to be used. With the reduction legs 66 in the
contracted arrangement the reduction shait 58 1s advanced
through the central passage 24 of the guide assembly 16 until
the engagement feature 30 on the proximal end of the guide
1s received and locked 1n the keyed guide cavity 46, fixing
the position of the guide 16 and anchor 12 relative to the
connector 42. With the reduction legs 66 advanced past the
proximal end of the guide and aligned with the rod channel
18, the reducer can be reconfigured nto the expanded
position. According to one method, this may be accom-
plished when the user pulls the rotation grip 68 in the
proximal direction to translate the central shait 64 proxi-
mally relative to the lower shait 62 and reduction legs 66. As
described above, this causes the 1nterior surfaces and tapers
of the reduction legs to realign relative to the functional
distal end 71 of the central shaft 64 and expand outward
relative to the longitudinal axis of the central shaft. Alter-
natively, according to a second method, the central shatt 1s
moved proximally relative to the lower shait 62 and reduc-
tion legs 66 when the user rotates the reduction grip 54 to
translate the thread upper shait distally relative to the
connector, translating the lower shaft 62 and reduction legs
66 with 1t. Initially, the central shait 64 may also translate
distally with the reduction shait 58 until 1t encounters the
fixation rod (1.e., the lock screw interface 70 and/or the
locking screw contact the fixation rod), at which point the
rod 14 stops the central shaft {from further translation and the
interior surfaces and tapers of the reduction legs 66 again
realign relative to the functional distal end 71 of the central
shaft 64 and expand outward relative to the longitudinal axis
of the central shaft. With the reduction legs expanded, the
user begins or continues to rotate the reduction grip 34
which causes the reduction shaft to translate distally relative
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to the guide assembly 16 and the fixation rod 14, drawing the
rod 14 and bone anchor 12 together. Once the fixation rod 14
1s fully seated, the rotation grip 68 1s used to rotate the
central shaft and engage the lock screw into the anchor
housing. Once the rod 14 1s fully captured by the lock screw
the reducer 40 can be disengaged from the guide 16. The
central shaft can be moved distally allowing the reduction
legs 66 to return to the contracted position so the distal end
of the reduction shaft can pass through the proximal end of
the guide. The angled surfaces 115 on the reduction legs 66
may engage to guide 16 during removal to ensure the
reduction legs do return to the contracted position for
removal. The lock screw may be further tightened 11 neces-
sary through the guides 16 which may then be removed,
leaving the spinal fixation construct 10 1n place.

It 1s to be understood that any given elements of the
disclosed embodiments of the invention may be embodied 1n
a single structure, a single step, a single substance, or the
like. Similarly, a given element of the disclosed embodiment
may be embodied 1n multiple structures, steps, substances,
or the like.

The foregoing description illustrates and describes the
processes, machines, manufactures, compositions of matter,
and other teachings of the present disclosure. Additionally,
the disclosure shows and describes only certain embodi-
ments of the processes, machines, manufactures, composi-
tions of matter, and other teachings disclosed, but, as men-
tioned above, 1t 1s to be understood that the teachings of the
present disclosure are capable of use 1n various other com-
binations, modifications, and environments and are capable
of changes or modifications within the scope of the teach-
ings as expressed herein, commensurate with the skill and/or
knowledge of a person having ordinary skill 1n the relevant
art. The embodiments described hereinabove are further
intended to explain certain best modes known of practicing
the processes, machines, manufactures, compositions of
matter, and other teachings of the present disclosure and to
enable others skilled 1n the art to utilize the teachings of the
present disclosure 1n such, or other, embodiments and with
the various modifications required by the particular appli-
cations or uses. Accordingly, the processes, machines,
manufactures, compositions of matter, and other teachings
of the present disclosure are not intended to limit the exact
embodiments and examples disclosed herein. Any section
headings herein are provided only for consistency with the
suggestions of 37 C.F.R. .sctn. 1.77 or otherwise to provide
organizational queues. These headings shall not limit or
characterize the mvention(s) set forth herein.

What 1s claimed 1s:
1. A minimally mvasive method of reducing a rod 1nto a
bone anchor, comprising:

introducing the rod into a guide channel of a guide
assembly, the guide assembly being coupled to the bone
anchor;

coupling a proximal end of the guide assembly to a
connector of a reducer, the reducer including:

the connector;

a reduction shait comprising an upper shaft with exte-
rior threading, a lower shait coupled to the upper
shaft, and a pair of reduction legs at or near a distal
end of the lower shaft, the pair of reduction legs
being movable between a contracted position and an
expanded position,
wherein 1n the contracted position, the pair of reduc-

tion legs have an eflective diameter that approxi-
mates a diameter of the reduction shaft, and in the
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expanded position, the pair of reduction legs
extends beyond a distal end of a central shaft;
the central shait positioned at least partly within a
hollow bore of the reduction shaft, the central shaft
comprising a rotation grip fixedly attached at or near
a proximal end thereof; and
a reduction grip positioned proximal to the connector,
wherein the exterior threading of the upper shait

mates with an interior threading of the reduction
grip;

advancing the reduction shaift 1n a distal direction through

the guide assembly while the pair of reduction legs 1s
in the contracted position;

fixing a position of the guide assembly and the bone

anchor relative to the connector;

advancing the pair of reduction legs 1n the distal direction

to the expanded position;

rotating the reduction grip, causing the reduction shafit to

translate distally relative to the guide assembly and the
rod, and drawing the rod and the bone anchor together.

2. The method of claim 1, further comprising:

prior to advancing the reduction shaft, coupling a lock

screw to a lock screw interface on the distal end of the
central shaft, wherein the lock screw interface 1s con-
figured to engage and hold the lock screw.

3. The method of claim 2, further comprising:

after drawing the rod and the bone anchor together,

rotating the central shaft using the rotation grip, thereby
engaging the lock screw into a housing of the bone
anchor.

4. The method of claim 3, further comprising:

disengaging the reducer from the gmde assembly after

engaging the lock screw into the housing of the bone
anchor.

5. The method of claim 4, wherein the disengaging further
comprises translating the central shait in the distal direction,
thereby allowing the pair of reduction legs to return to the
contracted position, and a distal end of the reduction shatt
can pass through the proximal end of the guide assembly.

6. The method of claim 4, wherein an angled surface on
cach reduction leg in the pair of reduction legs engages the
guide assembly during the disengaging, thereby ensuring
that the pair of reduction legs returns to the contracted
position for removal of the reducer.

7. The method of claim 4, further comprising: after
disengaging the reducer from the guide assembly, tightening
the lock screw through the guide assembly.

8. The method of claim 7, further comprising removing,
the guide assembly, leaving the bone anchor and the rod in
place.

9. The method of claim 1, wherein the step of advancing
the pair of reduction legs further comprises aligning the pair
of reduction legs with a rod channel in the guide assembly.

10. The method of claim 1, wherein the step of advancing
the pair of reduction legs turther comprises advancing the
pair ol reduction legs past the proximal end of the guide
assembly.

11. The method of claim 1, wherein the step of advancing
the pair of reduction legs further comprises expanding the
pair of reduction legs radially outward relative to a longi-
tudinal axis of the central shaft, thereby increasing the
cllective diameter of the pair of reduction legs.

12. The method of claim 1, wherein the step of advancing
the pair of reduction legs further comprises providing two
points of contact on the rod, wherein a first point of contact
1s between the rod and a first reduction leg of the pair of
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reduction legs, and a second point of contact 1s between the
rod and a second reduction leg of the pair of reduction legs.
13. The method of claim 1, wherein the step of advancing
the reduction shaft further comprises:
advancing the reduction shaft through a central passage of >
the guide assembly until an engagement feature on the
proximal end of the guide assembly 1s received and
locked 1n a keyed guide cavity within the connector.
14. The method of claim 1, further comprising;:
actuating the advancing of the pair of reduction legs by:
translating the rotation grip in a proximal direction,
thereby translating the central shait in the proximal
direction relative to the lower shait and the pair of
reduction legs, and causing an interior surface of the
pair of reduction legs to expand outward relative to a 1>
longitudinal axis of the central shatft.
15. The method of claim 1, further comprising:
actuating the advancing of the pair of reduction legs by:
translating the central shaft in a proximal direction rela-
tive to the lower shait and the pair of reduction legs
when rotating the reduction grip to translate the upper
shaft distally relative to the connector, translating the
lower shaft and the pair of reduction legs with 1t.
16. A minimally invasive method of implanting a spinal
fixation construct, comprising:
implanting a bone anchor mto a bone of a subject;
coupling a guide assembly having a guide channel
therein, to the bone anchor:
introducing a fixation rod into the guide channel,
coupling a proximal end of the guide assembly to a
connector of a reducer, the reducer including:

the connector;

a reduction shaft comprising an upper shait with exte-
rior threading, a lower shait coupled to the upper
shaft, and a pair of reduction legs at or near a distal
end of the lower shaft, the pair of reduction legs
being movable between a contracted position and an
expanded position,
wherein 1n the contracted position, the pair of reduc-

tion legs have an eflective diameter that approxi-
mates a diameter of the reduction shatft, and in the
expanded position, the pair of reduction legs
extends beyond a distal end of a central shaft;
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the central shaft positioned at least partly within a
hollow bore of the reduction shatft, the central shaft
comprising a rotation grip fixedly attached at or near
a proximal end thereof; and

a reduction grip positioned proximal to the connector,
wherein the exterior threading of the upper shatt
mates with an interior threading of the reduction
gr1p,

advancing the reduction shaift 1n a distal direction through
the guide assembly while the pair of reduction legs 1s
in the contracted position;

fixing a position of the guide assembly and the bone
anchor relative to the connector;

advancing the pair of reduction legs 1n the distal direction
to the expanded position; and

rotating the reduction grip, causing the reduction shafit to
translate distally relative to the guide assembly and the
rod, and drawing the rod and the bone anchor together.

17. The method of claim 16, further comprising:

prior to advancing the reduction shaft, coupling a lock
screw to a lock screw interface on the distal end of the
central shaft, wherein the lock screw interface 1s con-
figured to engage and hold the lock screw.

18. The method of claim 17, further comprising:

alter drawing the rod and the bone anchor together,
rotating the central shait using the rotation grip, thereby
engaging the lock screw into a housing of the bone
anchor; and

disengaging the reducer from the guide assembly.

19. The method of claim 18, wherein the disengaging

turther comprises:

translating the central shaft in the distal direction, thereby
allowing the pair of reduction legs to return to the
contracted position, and a distal end of the reduction
shaft to pass through the proximal end of the guide
assembly.

20. The method of claim 18, further comprising:

after disengaging the reducer from the guide assembly,
tightening the lock screw through the guide assembly;
and

removing the guide assembly, leaving the bone anchor
and the rod 1n place.
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